1. Vitamin A-deficient rats were compared with similar animals given small amounts of vitamin A sufficient for adequate growth and with animals given large amounts of vitamin A. The effects of pair-feeding and feeding ad libitum were compared. 2. Ubiquinone and cholesterol concentrations in liver were measured at various stages of the deficiency, and the uptake of radioactive mevalonate and acetate into isoprenoid compounds was studied. 3. Ubiquinone concentrations in liver increased markedly in deficient rats compared with adequate controls, and heavy vitamin A supplementation had a further effect in depressing ubiquinone concentrations. These effects were unrelated to food intake or to the size of the organs. 4. Radioactive uptake into ubiquinone was often greater in deficient livers, especially during the early stages of the experiments, but the effect was not consistent. 5. Cholesterol concentrations were usually higher in deficient livers and these were more affected by the feeding regimen. 6. No consistent effect of vitamin A deficiency or of vitamin A dosage on the incorporation of mevalonate into cholesterol or squalene was found. 7. No evidence has been found for a specific effect of vitamin A on isoprenoid synthesis at the metabolic level.
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The concentration of ubiquinone in rat liver rises sharply during vitamin A deficiency (Heaton, Lowe & Morton, 1957) , and Morton & Phillips (1959) found that increases in concentration were already evident in weanling rats after only 11 days on a vitamin A-deficient diet and before their weight plateau had been reached. During and after the plateau period, a marked decline in food consumption was observed, and this coincided with still further increases in the concentrations of ubiquinone, ubichromenol and crude sterol in the liver. Phillips (1962) found a significant inverse relationship in rats between hepatic ubiquinone and dietary vitamin A concentrations. Gloor & Wiss (1959a,b) and Phillips (1961) found that the relative incorporation of mevalonate into the ubiquinone and squalene of rat liver in vivo was increased in vitamin A deficiency and was associated with a relative decrease in the incorporation of mevalonate into the crude sterol fraction. They suggested that a deficiency of vitamin A leads to a metabolic block in the pathway of isoprenoid synthesis between squalene and cholesterol, which results in an increase in ubiquinone synthesis. However, these findings were not supported by adequate identification of the chromatographic fractions used for radioactive counting, nor were precise descriptions of the feeding, or, in some cases, of the state of deficiency, given. Indeed, they cannot be readily correlated with the increases in liver sterol concentration during the later stages of deficiency that have been observed by Morton & Phillips (1959) , or with the findings of Johnson & Wolf (1960) that synthesis of cholesterol by rat liver in vitro is unaffected by vitamin A deficiency in its early stages.
The present work was carried out in an attempt to elucidate some of these effects in more detail. In view of the findings of Morton & Phillips (1959) , vitamin A deficiency was studied with two sets of control rats: (a) pair-fed with deficient animals; (b) fed ad lib. This seemed to be important, in view ofthe large differences in food consumption and animal weight that were observed in the later stages of vitamin A deficiency. Both Gloor & Wiss (1959a) and Phillips (1961) compared deficient rats with controls supplemented with large amounts of vitamin A. In the experiments described below, we have used control animals supplemented with large amounts of vitamin A and also other controls given just adequate amounts of the vitamin. Studies were made at three clearly differentiated stages of depletion. EXPERIMENTAL Animals. Weanling male rats of the Norwegian hooded strain were taken from the stock colony and fed with the experimental diets from 28 days of age.
Diet. The vitamin A-deficient diet (A02) was described by Edwin, Bunyan, Green & Diplock (1962) . Analytical method8. Livers from animals of each group were pooled and minced, and a lOg. sample was taken. This was saponified as described by Mervyn & Morton (1957 (A.. 256m,u) . Further elution of the column with 35% (v/v) diethyl ether in light petroleum (30ml.) gave the ubiquinone fraction, in which ubiquinone-45 was measured after paper-chromatographic purification in a similar system (Diplock, Green, Edwin & Bunyan, 1960) . Further elution of the column with diethyl ether gave an unidentified fraction, which also contained the radioactive label. In one experiment radioactive incorporation into the prenol pyrophosphate fraction was determined by the acid hydrolysis method of Christophe & Popjak (1961) . In some experiments, another sample of the pooled livers was used for nitrogen determinations by a semi-micro-Kjeldahl method.
Radioactive counting. 14C was counted in the Ekeo N664A scintillation counter or the I.D.L. Tritomat scintillation counter. All counts were monitored for quench by the channel ratio method. Samples were prepared for counting by dissolving in the minimum volume of ethanol or, with the sterol digitonides, methanol (Shapiro & Kritchevsky, 1963) . Counting efficiencies were 65-90%, according to the instrument used. Counts were always converted into disintegrations/min.
Experimental plan. Four experiments were carried out. In Expt. 1, male weanling rats were kept with their dams and fed on the laboratory stock diet until they weighed about 40g. Six rats were divided into three groups of two.
Group 1 was fed on the deficient diet A02, group 2 was fed ad lib. on the same diet supplemented with lOi.u. of vitamin A palmitate/g. of diet, and group 3 was supplemented similarly, but was pair-fed with the first group. After 40 days, each rat was given 1-7juc of [2-14C]mevalonic acid lactone intraperitoneally and killed 22 hr. later. In Expt. 2, 18 weanling male rats were randomly sorted into three groups of six. Group 1 was fed on the deficient diet A02, group 2 was fed on A02 supplemented with 3i.u. of vitamin A palmitate/g. of diet and group 3 on the same diet supplemented with lOOi.u./g. After 7 days, three rats from each group were each given 1-451.c of [2-l4C]mevalonic acid lactone intraperitoneally and killed 24hr. later. After a further 14 days, the remainder of the rats were treated similarly. In Expt. 3, 30 male weanlings were kept together with their dams on the laboratory stock diet until they were 28 days old. They were then randomly sorted into five groups of six and placed on the following regimens: group 1 was fed on the diet A02; group 2 was fed on A02, given lOi.u. of vitamin A palmitate per day orally and pair-fed with group 1; group 3 was given the same supplement, but fed on the diet ad lib.; groups 4 and 5 were similar to groups 2 and 3 respectively, except that they were supplemented with lOOi.u. of vitamin A/g. of diet. Each rat was weighed daily. After 14 days on test, two rats from each group were each given 25juo of [2-l4C] Table 1 . Although these rats had had access to small amounts of vitamin A before weaning, 40 days was sufficient to deplete the livers of the animals in group 1. Their liver weights were correspondingly reduced, and liver protein (mg./g.) values in this group were higher than in the other two groups. The deficient livers contained more unsaponifiable lipid, more cholesterol and considerably more ubiquinone/g. than did the livers of the supplemented groups. There was no effect ofpair-feeding on the ubiquinone concentration, but the cholesterol and vitamin A concentrations appeared to be depressed in group 2, as compared with group 3. Radioactive incorporation into ubiquinone was clearly increased in the deficient group, but, in contrast with Gloor & Wiss (1959a,b) and Phillips (1961) , there was also a marked increase in incorporation into squalene.
The effect on incorporation into cholesterol is not clear in this experiment, for it is apparent that the feeding regimen is the main factor affecting this.
Expt. 2. This experiment was an attempt to study isoprenoid synthesis in the early stages of vitamin A restriction, before growth has been seriously affected. The results are given in 
ratio show any the concentration in group 3, clear trend. Squalene incorporation showed fluc-I the higher vitamin A supple-tuations but no trend, and neither did the cholesconcentrations were unaffected. terol/squalene incorporation ratio. Jmin A could be detected in the Expt. 3. Table 3 gives the results of this experianimals, but the ubiquinone ment, which was designed to compare pair-feeding 3 still similar in groups 1 and 2, with uncontrolled feeding in more detail and to 3. There was no clear effect extend the range of study up to advanced vitamin deficiency or of graded supple-A deficiency. It will be seen that, because the rats amin A on the incorporation of had access to the stock diet before weaning, their weight plateaus were reached relatively late (cf. Morton & Phillips, 1959 groups beyond the 14-day stage (in agreement with Morton & Phillips, 1959) . Radioactive uptake into the ubiquinone fraction was considerably greater in deficient animals that had reached their weight plateau or had passed beyond it, compared with supplemented controls, whatever concentration of vitamin A or regimen of feeding was used for the latter. Incorporation into cholesterol (disintegrations/min./g. oftissue) showed no clear trend. At 14 days, the incorporation increased with vitamin A supplementation, and this was also found when the rats were compared at the plateau period; however, the reverse was the case later, and incorporation into the cholesterol/g. oftissue appeared to be elevated in deficient animals at the post-plateau stage. The small incorporation of radioactivity in the first part of this experiment is due to the fact that labelled acetate was the substrate (see the Experimental section). No essential differences in the pattern of distribution of radioactivity in the compounds studied was found when compared with the results with mevalonate as substrate. In contrast, uptake into squalene was greater in the deficient livers only at the plateau stage. Pair-feeding had little effect on the radioactive incorporation in this experiment. Table 3 gives the ratios of incorporation of 14C into ubiquinone, cholesterol and squalene. They do not support the concept that vitamin A deficiency leads to a metabolic block between squalene and cholesterol. Table 3 also gives the figures for the radioactive incorporation into the 'ether eluate' fraction from the Decalso column. This fraction was not characterized, but contains hydroxy compounds that do not form insoluble digitonides, and it includes free prenols such as farnesol. Uptake into prenol pyrophosphates is also given in Table 3 . No effect of vitamin A deficiency was observed in either of these fractions.
Expt. 4. The chief difference between this experiment and the previous one was in the rate at which the deficiency occurred. Thus the two rats in group 1 reached their weight plateau at 28 and 30 days after being placed on the deficient diet. Pair-feeding markedly affected growth, and the livers from groups 2 and 4 were shrunken and similar in weight to those from group 1. Results are given in Table 4 . At 14 days there was little difference in the weights of the livers from the five groups, nor in the ubiquinone concentrations of rats from groups 1, 2 and 3. However, heavy vitamin A supplementation had, even in this short time, halved the ubiquinone concentrations in groups 4 and 5. Rats killed at the plateau and post-plateau stages illustrated clearly the two effects of vitamin A that were suggested by the previous experiments. The first effect (cf. Phillips (1959) . The concentrations of ubiquinone we have observed correspond with theirs, when rats of similar age and at a similar stage of deficiency are compared, and we also have found increases in the sterol content of deficient livers. The ubiquinone concentrations found by Phillips (1962) are in general mugh higher than ours, but were not obtained on chromatographically pure fractions.
Although, in the four experiments described, we have varied the stage of the deficiency, the rate of producing the deficiency, the feeding regimen and the vitamin A supplementation, we have been unable to confirm the results of Gloor & Wiss (1959a,b) or Phillips (1961) including the feeding regimen. Differences in analytical method may partly account for the differences in the findings; thus Wiss & Gloor (1960) also indicate that if the ubiquinone fraction of rat liver is isolated by paper chromatography, then vitamin A deficiency is not found to affect radioactive uptake into the fraction. Furthermore, our results show that, although a trend may be apparent in one part of an experiment, this can be readily reversed at the later stage, or by a change in conditions, or in a succeeding experiment. Our findings therefore are in general agreement with the conclusions of Johnson & Wolf (1960) that there is no specific effect of vitamin A on isoprenoid synthesis at the metabolic level. We gratefully acknowledge the technical assistance of Mrs Celia Rive and Miss Margaret Whitehead.
